The purpose of this study was to determine effects of feeding canola and soybean products as protein supplements on fatty acid composition of adipose tissue and muscle of slaughter bulls and steers and on fatty acid composition of kidney and liver total lipids of bulls. Products included canola meal (CM), extruded canola (EC, full-fat), ground canola (GC, full-fat), soybean meal (SBM), and extruded soybeans (ES, full-fat). Tissues were obtained at slaughter from 75 crossbred beef bulls and 50 crossbred beef steers fed corn silage (17.2 to 29.7% of DM), ground corn (56.5 to 75.0% of DM), and protein supplements (6.8 to 21.6% of DM). The DMI was not influenced by dietary fat in either trial. Gain: feed was greater ( P < .05) for bulls fed CM than for bulls fed ES, EC, or GC. Carcasses were not influenced appreciably by dietary fat. Adipose tissue of EC-fed cattle had the lowest percentage of 16:O ( P < .05, vs SBM, CM, and GC), whereas both EC-and GC-fed cattle had the highest 18:O ( P < .05). In muscle (pectoral), EC-fed bulls had a higher percentage of 18:l than SBM-fed bulls ( P < .05), and EC-fed steers had the lowest 16:O and 16:l and highest 18:0, 18:3, and 20:l ( P < .05). Kidney total lipids of EC-and GCfed bulls had the lowest percentage of 16:O and highest 18:l and 18:3 ( P < .05); bulls fed ES had the highest percentage of 18:2. Liver-lipid 16:O was highest in ESfed bulls and lowest in EC-fed bulls, which also had the highest 18:O ( P < .05). Bulls fed EC and GC had the highest 18:3 and 2 0 5 ( P < .05). In conclusion, dietary full-fat canola and in some cases full-fat soybeans altered the fatty acid composition of lipids of adipose tissue, muscle, kidney, and liver of beef cattle.
Introduction
Canola (seed) contains approximately 20% protein and 38% fat; therefore, they could serve as both protein and energy sources for livestock (Kercher et al., 1990a,b) . The weight percentage of oleate in canola oil is appproximately 65. Because of the health attributes of oleate (Mattson and Grundy, 19851 , increasing its concentration in animal fat could improve the nutritional quality of red meat. Substantial tissue deposition of oleic acid in pigs fed full-fat canola or the oil has been demonstrated (St. John et al., 1987; Mazhar et al., 1990; Busboom et al., 1991) . In ruminants, however, altering tissue fatty acid composition by diet is difficult because of ruminal J . h i m . Sci. 1994. 72:2735-2744 microbial hydrogenation of unsaturated fatty acids (Harfoot, 1981) . Several researchers, however, have reported that feeding canola to cattle or sheep decreases palmitate (St. John et al., 1987; Lough et al., 1992) , increases stearate (Solomon et al., 1991) , and decreases palmitate and increases stearate and linolenate in adipose tissue. Thus, dietary canola can have an impact on ruminant tissue fatty acids. Large-scale cattle feeding studies comparing canola with other protein and fat sources, however, are lacking. The purpose of this research was to determine effects of providing slaughter beef cattle their dietary protein entirely from full-fat canola, fullfat soybeans, canola meal, or soybean meal on fatty acid composition of adipose tissue, muscle, kidney, and liver. ad libitum consumption. Silage was not mixed with the concentrate before feeding.
In the first trial, 90 yearling crossbred bulls (average BW 319 k 4 kg) were randomly assigned to 15 pens of six bulls per pen. Three pens were randomly assigned to one of five dietary protein treatments to provide equivalent amounts of supplemental CP as follows: soybean meal (SBM), extruded full-fat soybeans ( ES) , canola meal ( CM) , extruded full-fat canola seeds ( EC), and ground (.95-cm screen) full-fat canola seeds ( G C ) . To facilitate extrusion of canola seeds, 25% ground barley was mixed with 75% ground canola seeds before extrusion. Composition of diets is shown in Table 1 . A commercial vitamin and mineral supplement was offered free choice (percentage: Ca, 14.0-16.8; P, 10.0, NaC1, Co, .0005; I, .002; Mg, 1.0; Zn, .15; Cu, .015; vitamin A, 56, 700 IUkg; vitamin D3, 11, 340 IUkg) . Bulls were shipped in two groups (random) after 155 or 163 d.
In the second trial 150 crossbred beef steers (average BW 297 k 3 kg) were randomly assigned to 15 pens of 10 steers per pen. The protein supplements were the same as those fed in Trial 1. Steers were fed growing diets for 84 d followed by 112 d on finishing diets. The growing diet contained 270% more corn silage (3.3 kg DM vs 1.2 kg DM.steer-l.d-l) and 58% as much ground corn (4.1 kg DM vs 7.1 kg DM.steer-l&l) as the finishing diet; both the growing and finishing diets contained the various protein supplements. Composition of the finishing diet is shown in Table 1 . Performance data for the second trial represents the entire 196 d. The same mineral and vitamin supplement fed in Trial 1 was offered free-choice in Trial 2. In Trial 1 all bulls were slaughtered at a commercial slaughter plant. In Trial 2, 50 of the 150 steers were randomly selected from among the treatments for slaughter at a commercial slaughter plant. Carcass measurements were obtained by USDA personnel at the slaughter plant.
Fatty acid weight percentages for full-fat canola seed extracts were 4.3, 2.3, 64.7, 17.4, and 6.3 for 16:0, 18:0, 18:1, 18 :2, and 18:3, respectively. The corresponding fatty acid weight percentages for full-fat soybean extracts were 12.2, 2.2, 22.7, 58.3, and 2.9.
Tissue Collection and Sample Preparation
From 75 of the 90 bulls slaughtered in Trial 1, liver, kidney, muscle from the brisket area (deep pectoral), perirenal fat, and subcutaneous fat adjacent the 12th rib were sampled. Samples were placed in plastic vials so that the air space was eliminated from the vial, and then stored on ice in a dark, insulated container. Within approximately 3 h the samples were stored at -20°C until they were analyzed. Not all carcasses retained kidneys, and several samples were lost in transit; the total number of samples of each tissue analyzed is given in each table. From steers in Trial 2, 10 carcasses from each treatment were randomly chosen for muscle and subcutaneous adipose tissue sampling. Liver, kidney, and muscle were freeze-dried before 4 h of extraction of total lipids, which was accomplished for all tissues in 3.8 mL of 1:2:.8 (vol: vo1:vol) ch1oroform:methanol:water (Bligh and Dyer, 1959) in 16-mm x 125-mm screw-cap glass tubes. After extraction 1 mL of chloroform, .9 mL of water, and .5 mL of a mixture containing 2 M KCl and .1 N HC1 were added and tubes were vortex-mixed and then centrifuged at 2,500 x g to facilitate phase separation. The upper, aqueous phase was aspirated and discarded, and the lower, chloroform phase was transferred to a clean tube. The tissue residue was extracted twice with 2 mL of chloroform by brief vortex-mixing followed by centrifugation. Chloroform was pooled and then evaporated under a stream of N 2 without heat, and then total lipids were transesterified using BF3 (Morrison and Smith, 1964 
Statistical Analysis
Data were analyzed by ANOVA using the GLM procedures of SAS (1985) . Source of dietary protein, the only treatment effect, was tested using pen within treatment as the error term. When the ANOVA indicated that significant treatment effects had occurred ( P < .05), Fisher's Protected LSD was used to locate differences between treatment means (Steel and Torrie, 1980) .
Results

Animal Performance
Animal performance is shown in Table 2 . In Trial 1, bulls consumed similar amounts of DM but gained faster ( P < .05) when fed CM than when fed GC. Bulls fed other protein supplements did not differ in rates of gain, but those fed ES, GC, or EC were less efficient ( P < . 0 5 ) than those fed CM. Weight gain and feed efficiency of bulls fed SBM were similar to those of bulls fed the other supplements. Daily fat intake ranged from 370 to 881 g; bulls fed GC or EC consumed considerably more fat than bulls fed ES, SBM, or CM supplements. Dietary fat ranged from 4.6 to 11.2% of DM (Table 1) .
In Trial 2, steers fed the various protein supplements did not differ in DM consumption or feed efficiency ( Table 2 ). Steers fed ES gained faster ( P < .05) than steers fed EC, but there were no differences in gains among steers fed the other supplements. As in Trial 1, steers fed ES, EC, or GC consumed large amounts of fat, especially those fed EC or GC. Dietary fat ranged from 3.2 to 8.6% of DM in Trial 2 (Table  1) .
Dietary protein source had a minimal and inconsistent effect on carcass measurements. Diets that contained high proportions of fat did not increase fat thickness. These data have been reported (Kercher et al., 1990a,b) .
High-fat diets can decrease feed intake in cattle (Clapperton and Steele, 1983) . Steers, but not bulls, fed EC and GC had slightly reduced feed intakes. In a previous study with growing steers , intake of fat similar t o that in the present In previous studies with cattle, 18:l was not affected by feeding full-fat canola, but palmitate was decreased and(or) stearate was increased (St. John et al., 1987; Rule et al., 1989) .
Perirenal Adipose Tissue. Fatty acid weight percentages of perirenal adipose tissue lipids are shown in Table 5 . As observed in subcutaneous adipose tissue, perirenal adipose tissue of bulls fed EC had the lowest proportion of 16:0, and SBM-fed bulls the highest ( P < .05). For 18:0, however, no treatment differences were observed. Proportions of 18:l were approximately 11% higher ( P < .05) in perirenal adipose tissue of EC-fed bulls than in that of SBM-fed bulls; 18:l was similar for bulls fed ES, CM, EC, or GC. As was observed for subcutaneous adipose tissue 20: 1, proportions of this fatty acid were highest in perirenal adipose tissue of bulls fed either GC or EC.
In the present study, subcutaneous and perirenal adipose tissues were similar to those from growing steers fed full-fat canola when 16: 0, 18:0, and 18:l were compared. St. John et al. (1987) reported that steers fed canola had less 16:O; however, these authors did not indicate whether treatment effects occurred in either subcutaneous, perirenal, or both adipose tissues.
Muscle. Fatty acid weight percentages of muscle lipids of bulls are shown in Table 6 . Soybean-fed bulls had higher proportions of 16:l than bulls fed either EC or GC; GC-fed bulls were significantly lower for this fatty acid. Bulls fed EC had the highest proportion of 18:l ( P < .05) in this muscle, whereas bulls fed SBM had the lowest. Greater 18:l in muscle of EC-fed than in that of GC-fed bulls was observed, suggesting greater rumen bypass of EC-fatty acids. Bulls fed EC had the lowest proportions of 18:2 and 20:4, whereas bulls fed SBM had the highest. Because 18:2 is the precursor of 20:4 (Kinsella et al., 19901 , this concomitant change in these two fatty acids was not unexpected. Bulls fed EC and GC had the greatest ( P < .05) proportions of 20:1, which was also common for adipose tissue.
In contrast to fatty acid composition of bull muscle, this tissue in steers seemed to have been more responsive to dietary fat (Table 7) . Steers fed EC had the lowest 14:0, 150, 16:0, 16:1, and 17:O ( P < .05). Lower proportions of 16:O was consistent with previous findings in steers fed canola oil (St. John et al., 1987) as well as with adipose tissue in the present study. The lower proportion of 16:l is consistent with less 16:O because 16:l primarily arises from Ag desaturation of 16:O (Cook, 1985) . For both EC-and GC-fed steers, 18:O was greater ( P < .05) than for the other treatments, which did not occur in bull muscle (Table 6 ). Full-fat canola feeding did not increase the proportion of 18:l in muscle of steers; however, 20:l was highest ( P < .05) in muscle lipids of EC-fed steers. Linolenic acid (18:31 was higher ( P < .05) in muscle lipids of steers fed either EC or GC than in steers fed the other diets; this was not the case with bulls (Table 6 ). Finally, 18:2 tended to be higher in muscle of EC-fed steers ( P > .05); this tendency was consistent with that for 20:4.
Kidney. Fatty acid weight percentages of kidney total lipids are shown in Table 8 . Kidney lipids of bulls fed EC or GC had the lowest proportions ( P < .05) of 16:O and, with the exception of ES-fed bulls, the lowest proportions ( P < .05) of 16:l and 17:O. Stearic acid ( 18: 0 ) was not influenced by dietary treatment; however, 18:l proportions were highest ( P < .05) for bulls fed EC or GC, suggesting that rumen bypass and deposition of dietary 18:l occurred. Bulls fed ES had the highest proportions of 18:2 ( P < .05); the 18:2 weight percentage of soybean lipids was substantial (58%), suggesting that some rumen bypass of ESlipids occurred. Proportions of 18:3 were greater in kidney lipids of EC-and GC-fed bulls. Because proportions of 18:3 were similar for both canola and soybean oil extracts, the greater 18:3 in kidney lipid extracts reflected the greater daily fat consumption of EC-and GC-fed bulls. Arachidonic acid (20:4) proportions were not reflective of differences seen in 18:2. Because 18:2 is the major substrate for 20:4 (Kinsella et al., 19901 , and the proportion of 18:2 was the highest of all kidney fatty acids, regardless of dietary treatment, desaturation and elongation enzymes may have had enough 18:2 substrate so that no effect of dietary ES occurred. The reason GC-fed bulls had lower ( P < ,051 20:4 than SBM-fed bulls is not clear.
The weight percentage of eicosapentaenoic acid (20: 5 ) was highest ( P < .05) in EC-and GC-fed bulls and aFor soybean meal (SBMj, extruded soybean ( E S j , canola meal (CM), extruded canola ( E C j and ground canola ( G C ) diets n was 11,10, 11, 11, and 15, respectively.
bSource of dietary protein.
CCarbons:double bonds. dPooled standard deviation. e,f,g,hFor individual fatty acids, means with different superscripts are different ( P < .05).
was consistent with the higher 18:3 proportions in bull kidney lipids because two desaturation reactions interrupted by one elongation reaction produces 2 0 5 (Cook, 1985) . Further elongation and desaturation of either 20:4 or 2 0 5 was not affected by dietary treatment because neither 2 2 5 nor 22:6 was affected ( P > .05). Liver. Fatty acid weight percentages of liver total lipids are shown in Table 9 . In liver lipids, proportions of 14:0, E O , 16:0, 16:1, and 17:O changed with diet similarly to those in kidney total lipids as EC-and GC-fed bulls had lower proportions of these fatty acids. In contrast to kidney lipids, 18:O was highest in liver lipids of EC-fed bulls ( P < .05). This was also the case for 18:1, except that proportions of 18:l in liver lipids of ES-fed bulls were as high as those in EC-and GC-fed bulls ( P > .05). No treatment differences were observed for 18:2. Both EC-and GC-fed bulls had higher ( P < .05) proportions of 18:3 than bulls fed the other diets; ES-fed bulls had the lowest proportion ( P aFor soybean meal (SBM), extruded soybeans ( E S j , canola meal (CM), extruded canola ( E C j and ground canola ( G C ) diets n was 13, 15, 13, 17, and 17, respectively. bSource of dietary protein.
CCarbons:double bonds. dPooled standard deviation.
esf9gFor individual fatty acids, means with different superscripts are different ( P < .05).
< .05). Liver lipids of bulls fed EC and GC had the highest ( P < .05) 20:l and 205. (Cook, 1985) . In muscle of bulls, effects of dietary canola were less marked than in muscle of steers; cattle fed EC had the most consistent effects, suggesting that rumen bypass and subsequent absorption of EC lipids was more efficient than for GC. Also, several similarities existed in the present study and those of other researchers in that feeding full-fat canola altered the fatty acid composition of ruminant muscle and(or) fat (St. John et al., 1987; Rule et al., 1989; Solomon et al., 1991; Lough et al., 1992) . In a previous study in which Angus steers were fed diets that contained ES, only 18:3 was increased in adipose tissue, whereas no effect was observed in muscle compared with SBM controls . Preston et al. (1989) reported that feeding whole cottonseeds resulted in increased 18:O in adipose tissue of slaughter beef cattle. Conversely, Huerta-Leidenz et al. (1991) observed minimal effects of feeding whole cottonseed to beef cattle on adipose tissue fatty acid composition. Chang et al. (1992) observed increased 14:0, 18:0, and 18:l in subcutaneous adipose tissue and decreased 18:O in liver of steers fed a corn-based finishing diet that contained 20% high-oleate sunflower seeds.
Although bulls and steers were not compared statistically in the present study, for the most part fatty acid weight percentages were similar for subcutaneous adipose tissue. In muscle, 18:l tended to be higher in steers than in bulls, and 18:2 and 20:4 were higher in bulls than in steers. In muscle of bulls fed SBM (Table 6 ), proportions of 18:l were lower ( P < .05) and 18:2 and 20:4 higher ( P < .05 for 20:4) than those of bulls fed ES. In contrast t o bulls, muscle of steers fed SBM had a higher proportion of 18:l and a lower proportion of 18:3 than muscle of steers fed ES ( P < .05). The muscle samples from steers were less lean than those from bulls, which could have influenced the fatty acid composition by diluting 18:2, 18:3, and 20:4 and enhancing 18:l proportions. In earlier studies, Gillis and Eskin ( 1973) reported that bulls had more 18:2 and less 18:l in subcutaneous adipose tissue than steers.
Dietary manipulation of long-chain polyunsaturated fatty acids in muscle, kidney, and liver lipids of beef cattle have not been reported. Linoleic acid (18: 2 ) and 18:3 need to be supplied by the diet, and 20:4, 205, 225, and 22:6 would be synthesized from 18:2 and 18:3. In muscle cell membranes, phospholipids contain high proportions of 18:2 and 20:4, and may actually serve a storage function for these fatty acids (Christie, 1981) . Much greater proportions of 18:2 and 20:4 in muscle phospholipids have been reported (Christie, 1981) than were observed in muscle total lipid extracts in the present study, suggesting a dilution effect by intramuscular fat and intracellular lipid droplets. Eicosa-and docosapolyenoic acids were reported for ruminant liver (Christie, 1981) .
Fatty acid elongation and desaturation were indicated in liver and kidney of bulls in the present study. Recently, St. John et al. (1991) reported fatty acid elongation in liver but did not detect desaturation in liver. In bovine adipose tissue and rat liver, however, St. John et al. (1991) observed much greater rates of elongation as well as fatty acid desaturation activity. Chang et al. ( 1992) observed increased stearoyl-CoA desaturase activity in muscle of steers fed 20% higholeate sunflower seeds; in these steers enzyme activity tended to increase in liver, adipose tissue, and small intestine. Results of several investigations indicated much lower desaturase activity than elongation in ruminant liver, whereas others demonstrated similar activities (Bell, 1981) . Liver obtains much of its fatty acid complement from circulating fatty acids; thus, liver fatty acid composition may be influenced greatly by plasma lipid fatty acid composition (Bell, 1981) . As shown in Tables 8 and 9 of the present study, elongation and desaturation of long-chain fatty acids probably occurred because changes in 20:4 followed changes in 18:2, and changes in 205, 225, and 22:6 also followed changes in 18:3. Elongase activity in tissues of cattle was not affected by feeding 20% sunflower seeds (Chang et al., 1992) .
Previous studies have shown either no change Preston et al., 1989; HuertaLeidenz et al., 1991; Ekeren et al., 1992) or only subtle changes Brandt and Anderson, 1990; Chang et al., 1992) in proportions of fatty acids in adipose tissue or muscle of cattle fed oil seeds. Most changes observed were from one to six percentage units of the control fatty acid in question. Compared with most other work, the present study employed longer duration of oil seed feeding, yet changes in fatty acid composition of fat and muscle were not great. A reduction in proportion of 16:O may have nutritional significance to someone if consumption of its source is quantitatively significant. However, because most bovine carcass lipid arises from de novo fatty acid synthesis, the most abundant depot lipid fatty acid is 18:l. Thus, altering the proportion of this fatty acid would require very high 18:l intakes with high rates of rumen bypass. This is not likely under current management practices. Alteration of muscle membrane fatty acids may occur, and should be the primary focus if altering nutritional quality of the meat is the goal. In swine fed 10% fat from canola seeds for 8 wk, changes in weight percentages of major fatty acids in adipose tissue were only as high as four percentage units, with virtually no change in muscle lipid fatty acids (Busboom et al., 1991) . It would seem improbable, therefore, that much change in muscle lipid fatty acids would occur by feeding oil seeds to ruminants if changes are not observed in fatty acids of nonruminants fed the same type of diet. Clearly, a different approach to altering fatty acid composition is indicated. Moreover, a better understanding of the role specific fatty acids and cholesterol play in muscle membrane function may help direct research efforts accordingly.
In conclusion, dietary full-fat canola altered the fatty acid composition of lipids in adipose tissue, muscle, kidney, and liver such that 16:O and 16:l were decreased and 18:0, 18:1, 18:2, and 20:l were increased. In muscle, kidney, and liver, long-chain polyunsaturated fatty acids also were affected. Feeding extruded, full-fat soybeans also influenced fatty acid composition, but its effects were less marked than feeding full-fat canola.
Implications
Lipids of bovine muscle and adipose tissue are composed of substantial amounts of saturated fatty acids. Biomedical researchers have reported that 18:O and 18:l are hypocholesterolemic in humans; therefore, investigations directed at altering bovine lipid fatty acids to increase these fatty acids could benefit the beef cattle industry. Furthermore, improving the nutritional quality of organ by-products could enhance their export market and(or) value. Results of the present research imply that feeding full-fat canola, especially when extruded, alters the fatty acid composition of bovine muscle, fat, kidney, and liver such that 16:O is decreased, and 18:0, 18:1, as well as several long-chain polyunsaturated fatty acids, are increased. 
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